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Epigenome change induced by environmental factors and diseases
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It is speculated that environmental factors such as nutrition and pathogen infection induce
epigenome changes which affect the onset of many diseases. However, it remains elusive how
environmental factors induce epigenome changes and how they affect the onset of diseases.
We found that various environmental factors induce epigenome changes via the ATF2 family
of transcription factors, which is maintained for long period. In this project, we aim to clarify
the molecular mechanism underlying environmental factors induce epigenome changes, and to
analyze the correlation between epigenome change and diseases, which contributes to the
development of new methods for diagnosis, prevention, and therapy. In this physical year, we
have analyzed the mechanism of induction of epigeneome changes and the inheritance of such
epigenome changes.

Nutrition is one of the important environmental factors. DOHaD (Developmental Origins
of Health and Disease) hypothesis describes that the nutritional state during fetus and infant
affects the onset of life-style-related diseases. In addition, it was shown using mice and rats
that low-protein diet or high-fat diet induces a change of gene expression pattern of offspring,
but its mechanism remains unknown. We have examined the role of ATF7 in such phenomena.
Our results indicated that low-protein diet increased the expression level of a group of genes
in the offspring liver, including the genes involved in the cholesterol biosynthesis. In addition,
when ATF7 mutant mice were used, such increase of gene expression level was not observed.
These results suggest that epigenome change was induced by low-protein diet in testicular
germ cells in an ATF7-dpendent manner, which is inherited to the next generation. We
previously reported that ATF7 binds to histone H3K9 trimethyltransferases ESET and histone
H3K9 dimethyltransferase G9a, and that ATF7 contributes to the formation of heterochromatin
structure by recruiting those enzymes to its target genes. Furthermore, in response to various
stresses, ATF7 is phosphorylated by stress-activated protein kinase p38, which induces a
release of ATF7 from the target genes and a disruption of heterochromatin structure. Therefore,
the next important question is how low-protein diet induces ATF7 phosphorylation. We have
also identified the ATF7-binding genes in the testicular germ cells by ChlP-seq analysis. They
contained a group of metabolism-related genes containing the cholesterol biosynthesis-related
genes, suggesting that epigenome change of those genes may be inherited to the next
generation.

Psychological stress is also one of the important environmental factors which may induce
epigenome change. It is an important question whether epigenome change induced by
psychological stress is inherited. We have examined whether the effect of restraint stress, one
of the strong psychological stresses, is inherited. Paternal restraint stress induced the change
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of expression pattern of metabolism-related genes in the offspring. When dATF2 mutant flies
were used, such change was not observed, suggesting that this phenomenon depends on dATF2.
It is also interesting that these results suggest the correlation between psychological stress and
metabolism.
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